The influence of germination of kidney beans for 4, 6 and 8 days in different elicitors (ascorbic acid, 22 folic acid, glutamic acid, glutamic acid/chitosan and lactic acid/chitosan) on the production of health-23 promoting ingredients was studied. Sprouts were characterised according to their protein profile, 24 soluble phenolic compounds (SPC) and -aminobutyric acid (GABA) content. Additionally, the 25 antioxidant and angiotensin-converting enzyme (ACE) inhibition activities of aqueous-extracts from 26 kidney bean elicited sprouts were determined. Elicitation by glutamic acid for 8 days led to the highest 27 SPC and GABA accumulation in kidney bean sprouts and their extracts were selected based on their 28 highest phytochemical content. These extracts also showed remarkable antioxidant and ACE-29 inhibitory activities. The IC 50 for ACE inhibition of glutamic acid-extracts increases 89-fold after the 30 in-vitro gastrointestinal digestion. These results will contribute not only to improving the health-31 promoting potential of kidney bean sprouts but also to obtaining ingredients which might reduce 32 oxidative stress and hypertension. 33 34
Introduction 38
Legumes have an excellent nutritional profile and provide phytochemicals that are involved in 39 cardiometabolic risk prevention (Bouchenak & Lamri-Senhadji, 2013) . A recent evidence has suggested 40 that complex mixture of bioactives compounds in foods may be more healthful than individual isolated 41 components (Liu, 2004) . 42
Germination is an effective technology that involves physiological changes that improve the 43 digestibility and nutritive value of legumes (Urbano et al., 2005) . Germination of legumes has been 44 shown to be a successful strategy to increase the content of antioxidant compounds 45 Frias, Zielinski, Piskula, Kozlowska, & Vidal-Valverde, 2008 ) such as phenolic compounds that present 46 free-radical scavenging activity and therefore can exert cardiovascular protective effects 47 4 Therefore, the primary goal of this research was to evaluate the effectiveness of different 66 6
Preparation of water soluble extracts 122
Soluble extracts from kidney bean sprouts were obtained at pH 8 by suspending 2 g of freeze-123 dried sample in 20 mL of water (adjusted to pH 8.0 with 0.1N NaOH) and stirring at room temperature 124 for 1 h. The supernatant was collected by centrifugation (15300 x g at 10ºC for 15 min) and subsequent 125 filtration through a Whatman no. 1 filter paper. A single extract was obtained from each germination 126 assay. Finally, soluble extracts were freeze-dried and stored under vacuum at -20 ºC until further 127 analysis. 128
Functional characterisation of water-soluble extracts 129
2.6.1. Soluble protein content 130 7 (w/v) porcine pepsin (EC 3.4.23.1) (Sigma-Aldrich) in SGF were added and the pH was adjusted to 150 2.5 with 0.01 M HCl. Digestion was performed at 37 ºC for 2 h and subsequently stopped by 151 increasing the pH to 7.5 with 0.1 M NaOH. 152 b) In vitro duodenal digestion (phase 2): For the intestinal digestion step, the pH of the gastric digest 153 was adjusted to 6.5 with 0.01 M HCl. In order to simulate a duodenal environment the following 154 solutions were added: 150.8 µL of a bile salt mixture containing equimolar quantities (0.125 M) of 155 sodium taurocholate (Sigma-Aldrich) and glycodeoxycholic acid (Sigma-Aldrich), 46.08 µL of 1 156 M CaCl 2 (Merck, Darmstadt, Germany), 500 µL of 0.25 M Bis-Tris (pH 6.5) (Sigma-Aldrich), and 157 100 µL of pancreatin from porcine pancreas (EC number 232-468-9) (Sigma-Aldrich) in SFG at 158 pH 7.0. Digestion was carried out at 37 ºC for 2h. Finally, pancreatin was inactivated by heating at 159 80 ºC for 15 min. 160
SDS-PAGE protein profile of digested samples 161
The NuPAGE® Electrophoresis System was used for the analysis of the digested extracts under non-162 reducing conditions. Samples were dissolved in sample buffer (4X NuPAGE LDS buffer, Invitrogen, 163 CA, USA) at a final protein concentration of 2 mg/mL and they were heated at 70ºC for 10 min. 164 Samples (20 μl) were loaded onto a 4-12% polyacrylamide NuPAGE® Bis Tris pre-cast gel and were 165 run by using the NuPAGE MES-SDS running buffer (Invitrogen) at 150 mV for 1 h. A molecular 166 weight marker solution (NuPAGE mark 12 TM solution, Invitrogen) was run in parallel to the samples. 167 Gels were dyed with the Simply Blue safe stain solution (Invitrogen). 168
Statistical methods 169
Data were expressed as mean ± standard deviation of three independent germination 170 experiments. Three determinations of every experiment were carried out. One-way analysis of 171 variance (ANOVA) using the least significant difference test was conducted to determine differences 172 between samples. Statistical analysis was performed by using Statgraphics 5.0 software (Statistical8 Figure 1 shows the effect of elicitors on germination percentage of kidney bean seeds. Up to the 178 fourth day, the germination percentage reached values between 60% for folic acid to 81% for ascorbic 179 acid. Germination for 6 days led to a noticeable increase in germination rate and values in the range of 180 80 %-94 %, depending on the elicitor used, were observed. At the 8 th day, germination percentages 181 around 90 % were achieved, irrespective of the elicitor used. 182
Folic and ascorbic acids have been suggested as exogenous inducers of seedling growth since 183 they enhance seed vigour and and seedling performance (Burguieres et al., 2007) . Our results showed 184 that ascorbic acid produced the highest level of germination at the fourth day and a slight increase was 185 observed from the fourth to the eighth day. The application of folic and glutamic acids produced the 186 lowest level of germination at the fourth day and no significant (P≤0.05) differences between both 187 solutions were found. However, the sprouts obtained with folic acid at 6 and 8 days showed the highest 188 largest germination rates (P≤0.05), results not observed for glutamic acid. Glutamic acid is usually 189 added during germination to promote GABA synthesis. To our knowledge, there is no information on 190 the effect of glutamic acid on seed germination. In fact, our results show that glutamic-sprouts presented 191 similar germination percentage (P≥0.05) than those obtained with distilled water. Lee et al. (2005) 192 reported that chitosan stimulates the growth and yield of soybean sprouts. In the present work, chitosan 193 in combination with glutamic or lactic acids also led to a gradual increase of the germination percentage 194 for 6 days, values that did not change significantly (P≥0.05) up to 8 days ( Figure 1) . 195
Total protein content and SDS-PAGE profile of kidney bean sprouts 196
The total protein content increased from 23% d.m. in kidney bean seeds to 26-27% d.m. in 197 kidney bean sprouts, regardless of the assayed elicitor. It is well known that germination increases the 198 total and soluble protein content due to the synthesis of novel peptides. To better understand these 199 changes, SDS-PAGE of germinated kidney beans was studied ( Figure 2 
Content of soluble phenolic compounds (SPC) in kidney bean sprouts 226
Phaseolus vulgaris can be considered a good source of polyphenols, compounds related to 227 antioxidant and antihypertensive activity of plant-based foods (Shahidi & Naczk, 2004) . Table 1  228 shows the content of SPC in kidney bean sprouts produced with different elicitor solutions. The 229 germination for 6 days with folic and glutamic acids led to bean-sprouts with similar SPC content to 230 water-sprouts; these were significantly higher (P≤0.05) than those observed with ascorbic acid, 231 glutamic acid/chitosan and lactic acid/chitosan. At the end of the germination, beans treated with 232 glutamic acid showed the highest SPC content (6.0 mg/g sprout d.m.), followed by folic acid (5. 
GABA content in sprouts 248
The GABA content of beans germinated with different elicitor solutions is collected in Table 1 . 249
The addition of ascorbic acid and glutamic acid + chitosan during germination for 4 days led to higher 250 GABA content than that observed in water, while significantly (P≥0.05) similar amounts were found 251 between folic and glutamic acids and water. After 6 days, germination with water produced slight, but 252 significant (P≤0.05) differences than those observed with ascorbic and glutamic acids and glutamic acid 253 + chitosan solutions. In contract, at the end of the germination period the highest GABA concentration 254 was found when glutamic acid solution was applied (0.95 mg/g d.m.), whilst the rest of elicitors led to 255 lower GABA accumulation than water. As it is well known, glutamic acid acts as substrate of glutamate 256 decarboxylase (GAD) for producing GABA during germination. Oh (2003) and Oh and Oh (2003) 257 observed an enhancement in GABA levels in brown rice germinated for 72 hours in glutamic acid and 258 glutamic acid/chitosan. However, results presented here showed an increase in GABA content with 259 glutamic acid solution only after 8 days of germination. 260
The potential antihypertensive effect of GABA in mammals is well known and GABA-261 enriched products have been found to lower the blood pressure in spontaneously hypertensive rats 262 (Hayakawa et al., 2004) . In addition, brown rice extracts enriched in GABA stimulate immune cells by 263 the production of -interferon and interleukin 4 in mice (Oh & Oh, 2003) . 264
Effect of pH on the content of proteins, peptides and phenolic compounds of extracts from kidney 265 bean sprouts. 266
To obtain water-soluble extracts enriched in proteins and peptides, protein solubility was 267 measured at different pH values. Results are shown in Figure 3 . Proteins showed the highest solubility 268 at pH 8-12, which led to recoveries 90% of the total protein content. No remarkable differences were 269 observed in the protein solubility at pH values from 8 to 12. 270 12 It is well known that phenolic compounds display peroxyl-scavenging activity and, therefore, 288 they can contribute to the antioxidant activity of legume sprouts (Burguieres et al., 2007) . The 289 concentration of phenolic compounds was influenced by the type of elicitor; however, SPC content in 290 sprouts was not significantly correlated with the antioxidant activity of extracts. Differences in the 291 antioxidant activity of bean extracts could be due to different phenolic composition. The number of 292 hydroxyl groups and the hydroxylation pattern has been linked to polyphenol antioxidant activity (Kim 293 & Lee, 2004) . In addition, Randhir et al. (2002) and Burguieres et al. (2007) suggested that some 294 polyphenols do not act as antioxidants since some of them are involved in lignification and structural 295 development during seedling growth. 296 Table 3 shows the ACE-inhibitory activity of 3 kDa fraction obtained from germinated bean 298 extracts. Large ACE inhibition activity was observed in all the sprout extracts, irrespective of the 299 germination treatment applied (85-91%). Our results after 4 days of germination match with those 300 found by Bamdad et al. (2009) in lentil sprouts who reported 80-85% after 3-5 days of germination.The 301 results indicate that ACE-inhibitory activity suffered slight changes during germination, but we can 302 consider that, in general, the application of elicitor solutions during germination did not affect the ACE-303 inhibitory activity. To our knowledge, this is the first time that ACE-inhibitory activity has been 304 determined in sprouting legume extracts enriched in proteins and polyphenols. These results suggest 305 that the soluble bean-sprout extracts could provide advantageous health-promoting properties. 306
ACE-inhibitory activity of extracts from kidney bean sprouts 297
Previous studies conducted by our group showed that ACE activity was not inhibited by pure 307 GABA solutions (data not shown). Therefore, ACE-inhibitory activity might be attributed to bioactive 308 peptides released during germination, as has been reported for lentils (Bamdad et al., 2009) . Two types 309 of cysteine proteases are generally considered to be the major endopeptidases responsible for the 310 degradation of seed storage protein during early seedling growth (Zakharov, Carchilan, Stepurina, 311 Rotari, Wilson, & Vaintraub, 2004) . As it was shown in Figure 2 , no changes in SDS-PAGE profile of 312 bean sprouts obtained with different elicitors were found, suggesting that elicitor treatment did not 313 affect endopeptidases activity during germination and similar ACE-inhibitory peptides were formed, 314 regardless of the elicitor employed. 315
Selection of soluble extracts from kidney bean sprouts with potential antioxidant and 316
antihypertensive properties. 317
On the basis of our results, the extract from seeds germinated with glutamic acid for 8 days 318
were selected as potential antihypertensive ingredients based on their higher GABA and SPC contents, 319 as well as their potent antioxidant and ACE-inhibitory activities. Antioxidant activity of this extract 320 was 50 times higher than those reported by Lopez et al. (2013) , who found 0.94 µmol TE/mg of raw 321 dark beans (Phaseolus vulgaris L. cv. Tolosana). Moreover, ACE-inhibitory activity of selected 322 extracts was similar than that of fermented lentil ingredients (90-92%) recently reported (Torino et al., 323 2013 In the statistical analysis, the same superscript letter between germination times for the same elicitor 446 Results are shown in mg Trolox/g extract and are the mean of three independent experiments ± SD. The same superscript letter in the same column means no significant difference (P≤0.05).
The same subscript number in the same row means no significant difference (P≤0.05). 
